Uterine vascular permeability changes, measured quantitatively by trypan blue accumulation, and measurements of uterine water content, were used to study the postulated role of histamine as a mediator of oestrogen action. Histamine (H), oestradiol (E), 1\m=.\3% NaCl solution, an antihistamine (AH\p=m-\diphenhydraminehydrochloride\p=m-\Benadryl) or xylene (X), was injected intraluminally into each uterine horn of ovariectomized rats. At intervals of 1/4-24 hr. after treatment uterine vascular changes were determined by comparing the trypan blue concentration of treated uteri with the concentration in ovariectomized controls. In the 1/4-1 hr. time periods 1\m=.\0 mg. H and 0\m=.\5\p=n-\2\m=.\5 mg. AH showed increases 2 to 6 times greater than the slight permeability change induced by 0\m=.\04 \g=m\g. E or 1\m=.\3%NaCl, and were similar to that evoked by the inflammatory tissue irritant xylene. The characteristic uterine permeability effect of oestrogen was evident at 4 hr. at which time H and AH produced similar responses. However, histological examination showed a complete loss of epithelium of the uterine lumen caused by 1\ m=. \ 0mg. H, 0\ m=. \ 5\ p=n-\ 2\ m=. \ 5mg. AH, and X during the first 4 hr. but only a partial loss with NaCl or E. When lower doses of histamine were administered, epithelial loss was reduced, and with 0\m=.\1 mg. histamine epithelial loss, uterine permeability, and water content approached those of rats treated with the 1\m=.\3% NaCl solution.
INTRODUCTION
Histamine has been proposed as a mediator of oestrogen action by Spaziani & Szego (1958, 1959) since histamine or histamine releasers injected into the uterine lumen produced the same changes in water content and vasodilation as oestrogen 4 hr. after administration. In an earlier study we tried to determine whether hist¬ amine would elicit the uterine glycogen responses characteristic of oestrogen action at 24 hr. (Cecil, Bitman & Wrenn, 1964) . Since histamine did not increase uterine glycogen to a level comparable to that produced by oestrogen, we concluded that the action of histamine and oestrogen on glycogen deposition was probably different.
However, since timing might have complicated this interpretation, the present investigation was undertaken to study uterine permeability, as measured by alteration in water content and accumulation of trypan blue at very early and intermediate time periods after histamine or oestrogen administration. If histamine is the mediator of oestrogen action, histamine should have the same permeability effects as oestrogen.
MATERIALS AND METHODS
Female albino rats, 85-100 days old (weighing 180-220 g.), were used 7-9 days after ovariectomy. Each uterine horn was injected intraluminally without the use of ligatures as described previously (Cecil et al. 1964) . A solution of 0-02 ml. of either histamine base (0-01-1-0 mg.), oestradiol-17/? (0-04 pig.), NaCl (1-3%), or diphenhydramine hydrochloride (Benadryl, (0) (1) (2) (3) (4) (5) (Cecil, Hannum & Bitman, 1966) of the method of Judah & Willoughby (1962) . Samples for histological examination were fixed either in absolute ethanol or neutralized formalin. The time periods studied were 15 min., 30 min., 45 min., 60 min., 1 hr., 2 hr., 4 hr., and 24 hr. after intraluminal treatment.
Each group was composed of five to eight rats.
Statistical comparisons were made using Student's t test.
RESULTS
Text- fig. 1 shows the effects which the various intraluminal treatments had on the vascular permeability of the uterus. We were interested particularly in characterizing the well known permeability effects of oestrogen which occur 4 hr. after oestrogen administration and to compare them with those of histamine and an antihistamine.
Since the vascular response to histamine is known to be very rapid and occurs within minutes of its administration, early time periods were studied. All effects were compared with the permeability of the untreated ovariectomized uterus which is shown as the line at the ratio of 1-0. An intraluminal injection of 1 -3 % NaCl had a slight effect on vascular permeability. The permeability ratio increased to about [1] [2] [3] [4] [5] times that of control (P < 0-001) at 30 min. and remained there throughout the experiment. Oestradiol also caused a small increase in permeability at 30 min. (P < 0-001) which was very similar to the NaCl peak. After 2 hr., uterine permeability produced by oestrogen had increased and at 4 hr. was about 3 times that of the ovariectomized control. Permeability at 24 hr. approached that produced by the hypertonic NaCl solution.
When 1 mg. of histamine was given, a very dramatic early effect was observed. When 2-5 mg. diphenhydramine hydrochloride per uterine horn was administered, vascular permeability changes were very similar to those caused by histamine, except that the response after 4 hr. was much greater. Intraluminal injection of 2-5 mg. of another antihistamine, pyrathiazine hydrochloride (Pyrrolazote HC1, Upjohn Co.) resulted 4 hr. later in a trypan blue concentration that was 5-2 times that of the ovariectomized control, in good agreement with the response to diphen¬ hydramine hydrochloride. Administration of 0-5 mg. of diphenhydramine hydro¬ chloride per uterine horn elicited a permeability response very similar to 2-5 mg. diphenhydramine hydrochloride, except that the permeability ratio after J hr. was 5-8. Since this early increase may have been due to tissue injury, some rats were treated with a widely used tissue irritant, xylene. Vascular permeability increased to almost 6 times the control level but soon subsided and no secondary response at 4 hr. was observed. The absence of the 4-hr. peak was probably due to a refractory condition of the uterus since a second dose of xylene given 3\ hr. after an initial dose resulted in a slight permeability response only.
Only Text- fig. 3 . Effects of pH of the intraluminally given solution on trypan blue permeability and water content of the uterus. NaCI control = 1-3% NaCI treatment; H = 1-0 mg. histamine; Buff. H = 10 mg. histamine buffered to pH 7-0; pH 10-8 = NaCI solution at pH 10-8; AH = 2-5 mg. diphenhydramine hydrochloride; Buff. AH = 2-5 mg. diphenhydramine hydrochloride buffered to pH 7-0; pH 4 = 1-3 % NaCI solution at pH 4-0. after the administration of oestrogen was considerably higher than that after 30 min. and even the NaCI solution evoked a slight increase in uterine water (NaCI v. control,
The possibility that the hydrogen ion concentration was responsible for the changes in water content and vascular permeability was tested since the pH of the antihistamine solution was very acid, pH 4-0, and the histamine solution was very basic, pH 10-8. Adjusting the pH of the histamine solution from 10-8 to 7-0 com¬ pletely abolished both the permeability and water effects (Text- fig. 3 ). While this suggested that the basic pH was responsible, a saline solution of pH 10-8 elicited no response. However, when the antihistamine solution was buffered, the increases in water content and permeability were not lowered, demonstrating the effectiveness of diphenhydramine hydrochloride whether buffered or non-buffered. Again, a saline solution of this acid pH did not reproduce the permeability and water responses. It was therefore concluded that it was not the pH of the solution per se which was responsible for the permeability and water increases.
The appearance of the uteri after the various intraluminal treatments was quite different. The uteri of ovariectomized animals and of the controls treated with the NaCI solution were a pale but uniform blue, while the oestrogen-treated uteri were intensely blue. The uterine horns injected with an antihistamine had extensive red areas of haemorrhage, clotting and stasis of blood which gave the horns a mixed red and blue appearance. When these red areas were analysed, they showed very little trypan blue accumulation, evidence of poor blood flow. Externally, the histaminetreated uteri were very similar to the oestrogen-treated uteri and were uniformly blue, but when split open, the endometrium was haemorrhagic. The Plate shows the microscopic appearance of the uterine lumen 4 hr. after intraluminal injections. In the ovariectomized control (Plate, fig. 1 fig. 4 ). Uterine epithelial loss with the buffered histamine solution was slight, possibly the histamine did not penetrate into the uterine tissue and this could explain why the responses both in terms of water content and vascular permeability were abolished by buffering the histamine solution.
In an attempt to reduce the injurious effects of intraluminal histamine, 0-02 ml. of solutions of lower concentrations of buffered or free histamine were injected. Doses of 0-1 mg. and 0-01 mg. of free histamine produced less epithelial loss than the 1-0 mg. used previously (Table 1) , but were relatively ineffective in elevating water content or trypan blue concentrations above that of the NaCl-treated controls. Injections of 0-5 mg. free histamine produced intermediate uterine responses. As noted earlier, buffered histamine solutions were ineffective in producing changes in water content or trypan blue distribution.
DISCUSSION
These results show that histamine given intraluminally damages the uterus and that the increases in water content and vascular permeability are consequences of the injury. Tissue injury produces a typical response characterized by two phases, one approximately 30 min. after an injury, and the second peak approximately 4 hr. after injury. This type of diphasic curve has been found in studies on bacterial infections in guinea-pigs. Burke & Miles (1958) produced inflammatory skin lesions with nine different bacterial species and studied the sequence of vascular events using the dye pontamine sky blue 6X. A primary peak in dye concentration was found at \ hr. and a secondary peak between the 3rd and 4th hr. Similar vascular permeability changes were observed in the inflammatory response to thermal in¬ jury. Wilhelm & Mason (1960) produced standard burns in guinea-pigs, rats, or rabbits and measured the vascular permeability changes with pontamine blue. A diphasic permeability pattern was observed, with a peak at 10 min. and another after 3-4 hr. Thus, a general pattern of this diphasic type seems to be typical for injury and inflammation.
In addition to the diphasic dye pattern of the histamine treated uterus, there was clear evidence of damage on gross and on histological examination of the uterine tissue. The tissue was inflamed and loss of surface epithelial cells had occurred. The antihistamine, diphenhydramine hydrochloride, was very damaging to the uterine tissue. Leonard (1963) found that intraluminal injection of another antihistamine, chlorpheniramine, produced severe inflammation of the rat uterus and Martin (1962) has reported that the antihistamines, chlorcyclizine hydrochloride, diphen¬ hydramine and pyrathiazine hydrochloride, caused vaginal epithelial loss when injected into the mouse vagina. Gruhzit & Fisken (1947) reported that diphen¬ hydramine hydrochloride injected subcutaneously or intramuscularly into mice, rats, guinea-pigs and rabbits caused severe induration, ulcération and necrosis at the site of the injection. More recently, Altura & Zweifach (1965) Fig. 3 . Uterus 4 hr. after intraluminal injection of 2-5 mg. diphenhydramine hydrochloride. Fig. 4 . Uterus 4 hr. after intraluminal injection of 1-0 mg. histamine.
